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摘  要 
面对复杂的 SAR(Synthetic Aperture Radar)图像数据，如何对图像中的目标
进行快速、准确地自动识别已经越来越引起人们的关注和重视。如何去除相干
斑噪声对 SAR 图像的影响，提取出能很好的表征 SAR 图像各种特性的特征向
量进行分类识别，成为了研究的重点。结合 SAR 图像的特点，本文对 SAR 图
像自动目标识别系统中的各项关键算法做了深入研究。 
在 SAR 图像预处理方面，本文就超小波去噪算法在 SAR 图像去噪领域的





基于 Beamlet 变换的特征提取方法两种新算法。首先，利用融合特征能体现 SAR
图像多种特性的优势，提出了能充分表征图像灰度、纹理、结构等特征的 HGF
特征向量，实验表明该特征向量提取方法简单、实时性强、分类效果好；其次，
本文创新性的将 Beamlet 变换应用到 SAR 图像自适应目标识别中，利用 Beamlet
变换能很好的提取图像线特征的优势，构建出基于 Beamlet 变换及 BD-RDP 算
法的特征向量，实验结果表明该种方法分类效果良好，平均识别率为 95.83%。 




时，从输入图像到 后输出识别结果，整体平均用时为 2.829 秒，体现了良好
的实时性。 
实验结果表明，本文改进的基于 Grabcut 的 SAR 图像目标自动分割方法有
着很好的鲁棒性；而 HGF 特征则很好的兼顾了实时性及识别率的要求；基于
































Recently, SAR (Synthetic Aperture Radar) is evolving to become an 
indispensable tool for earth observation and military reconnaissance. In response to 
the complex data for SAR image, it causes the people to value more and more how 
to recognize the aim from these images rapidly and accurately. The primary works to 
build SAR ATR(Automatic Target Recognition) is develop the feasible way to 
eliminate the spenkle noise and extract the feature which can distinguish the SAR 
image targets efficiently. In this disseriation the key orgerithms used in SAR ATR 
system are deeply researched. 
In pre-processing field, the denoising motheds based on curvelet and Bandlet 
are presented; and a modified automatic segmentation methed for SAR image is also 
developed. And a novel SAR image registration method based on criteria of feature 
point pair mutual information is putted forward.  
In feature extraction field, two new SAR image feature extraction methods are 
proposed. Firstly, the disseriation develop a new fusion feature based on Hu Moment 
Invariants, Gabor transform and FFT. This new fusion feature uses the multiple 
characteristics of SAR image such as gray characteristic, texture characteristic and 
structure characteristic, and this fusion feature has a good performance in real time 
ability and classification. Secondly, in this disseriation the Beamlet transform is 
innovative used in the SAR ATR aspect. A new feature vector has been extracted by 
using Beamlet transform and BD-RDP algorithm; the experiment results show thar 
the new feature vector does a good job on SAR image target recognition, the average 
recognition rate is 95.83%. 
 Finally, the disseriation build a SAR image ATR system by using the modified 
automatic segmentation methed, the HGF feature vector and SVM (support vector 
machine). The average recognition rate is 93.18%, and the false-alarm rate is 3.4%, 
the result shows that the system gets a nice performance in SAR image ATR. The 















classifier), it proves that the system can process the SAR image in real-time.   
Conclusively, the methods mentioned above all have good performance. The 
modified automatic segmentation methed for SAR image is a robust method; the 
HGF feature has good action in both real time property and recognition rate; the new 
SAR image target recognition mathod based on Beamlet can reach a high 
recognition rate. And the SAR ATR software system realized in this disseriation has 
a good performance; it can be used in practical after some certain modified. 
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第一章  绪论 
 1
第一章 绪论 
合成孔径雷达(Synthetic Aperture Radar, SAR)作为一种高灵敏、高分辨率的




















 随着 SAR 成像技术及处理技术的不断成熟，SAR 图像在民用领域及军用领
域的应用越来越广。在民用领域，对农林、海洋的监测与研究[10-11]；自然灾害
的预防及灾情报告[12]；森林分类、地形地貌分类[13]和桥梁道路的识别[14-15]等方

















1.2  SAR 图像识别的研究现状 
由于 SAR ATR 所具有的重大应用价值，各个国家都对能在没有人工直接干
预的条件下，在较短的时间内从场景中自动检测出可能的目标并识别出目标所
属类别的 SAR ATR 技术进行了大量的研究，其中美国的研究更是处于国际领先
地位。在以往的研究中，形成了许多优秀的 SAR ATR 系统。 
(1) 美国陆军实验室(America Army Laboratory，ARL)的 SAR ATR 系统[16] 
该系统可分为检测、减少虚警及分类识别三个部分。首先，利用恒虚警率









(3) 美国运动和静止目标获取与识别(Moving and Stationary Target Acquisition 






 MSTAR 工作组还提供了大量的用于实测的聚束式 SAR 地面静止图像数据，
分辨率为 0.3m×0.3m [18]，其图片大小为 128×128 像素。其推荐的训练测试数据
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